Biotypes of Aeromonas spp. correlated well with enterotoxin production in a study of 174 strains. Using biochemical characteristics determined by conventional methods and multitest systems, we correctly classified 93% of the strains with regard to enterotoxin production. Most of the enterotoxigenic strains were VogesProskauer (VP) positive and did not hydrolyze arabinose, but VP-positive strains which hydrolyzed arabinose were mainly non-enterotoxigenic. Aeromonas punctata subsp. caviae, which is VP negative and does not oxidize gluconate or produce gas from glucose, was non-enterotoxigenic. Although the number of other VP-negative strains was small, most were enterotoxigenic. Discrimination was improved so that 97% of the strains were correctly classified if the hemolysin assay was used either for all strains or for only the VP-positive, arabinose-positive and VP-negative, non-A. punctata subsp. caviae strains. Because the proposed classification system does not require facilities for carrying out in vivo assays such as suckling mouse or ileal loop methods, the identification of enterotoxigenic Aeromonas strains should be possible in diagnostic laboratories and will facilitate epidemiological studies of the role of these organisms in acute diarrhea.
Aeromonas hydrophila has been implicated as a cause of diarrhea in several countries (12) . The finding that some strains of A. hydrophila are enterotoxigenic (9) provided further evidence for considering this organism to be an enteric pathogen. However, epidemiological studies of the role of enterotoxigenic Aeromonas spp. in acute diarrhea have been limited by difficulties in isolating these organisms (12) and in identifying enterotoxigenic strains.
Aeromonas spp. may produce three types of exotoxins, namely, enterotoxins, hemolysins, and cytotoxins, which are not invariably associated in a given strain. The suckling mouse test (3) , rabbit ileal loop assay (9) , and perfusion of rat jejunum in vivo (11) have all been used to demonstrate changes in intestinal function produced by enterotoxins, but these methods are unsuitable for use in routine diagnostic microbiology laboratories. Cell culture systems have also been used to assay Aeromonas toxins, but cytotoxicity is not identical with enterotoxigenicity. We have found that many non-enterotoxigenic strains may produce cytotoxins, and there is better correlation between hemolysin production and enterotoxigenicity (V. Burke, J. ,um; type HA; Millipore Corp., Bedford, Mass.). Supernatant fluids were stored at 4°C and tested within 1 day after being prepared. Exotoxin assays. (i) Suckling mouse test. Test solutions (100 ,ul) containing 2 drops (ca. 0.02 ml) of 2.5% Pontamine sky-blue dye per ml were administered perorally into the stomachs of suckling mice 2 to 4 days old with a fine polyethylene tube (external diameter, 0.6 mm) connected to a 1-ml syringe. At least three mice were used in each test. After incubation for 3 h at 28°C, the animals were killed by cervical dislocation, and total small and large intestines were removed. Intestinal weight and remaining body weight were measured, and the intestinal weight/body weight ratio was calculated. The presence of diarrhea, made obvious by blue staining of blotting paper under the animals, was also recorded. Weight ratios and amounts of diarrhea were both used to classify positive strains as described elsewhere (Burke et al., J. Med. Microbiol., in press). The assay used detects the non-dialyzable, heat-labile enterotoxin of Aeromonas spp. (Burke et al., Aust. J. Exp. Biol. Med. Sci., in press).
(il) Hemolysin assay. Volumes (100 ,ul) of doubling dilutions of cell-free broth in phosphate-buffered saline were added to equal volumes of a 1% suspension of rabbit erythrocytes in microtiter trays (Linbro, Hamden, Conn.). Hemolysis was recorded after incubation for 1 h at 37°C and then after incubation for 1 h at 4°C. Hemolysis of 50% of the erythrocytes was considered the endpoint, and results were expressed as log2 of the reciprocal of the greatest dilution showing hemolysis. Values of >2 were considered positive.
Biochemical characteristics. Biochemical profiles were determined with the Microbact MB24E system (Disposable Products, Adelaide, South Australia). This system contains tests for the following: lysine decarboxylase (LDC); ornithine decarboxylase; H2S production; fermentation of glucose, mannitol, and xylose; o-nitrophenyl-p-D-galactopyranosidase; indole production; urease; Voges-Proskauer reaction (VP); citrate utilization (Simmon's); tryptophan deaminase; gelatin liquefaction; malonate; inositol; sorbitol; rhamnose; sucrose; lactose; arabinose; adonitol; raffinose; salicin; and arginine dihydrolase. All carbohydrates were D+ forms, except for L+ arabinose and L+ rhamnose. Tests were read after 24 h. Results for 50 strains were compared with those from the API 20E system (Analytab Products, La Balme-Les-Grottes, Montalieu-Vercieu, France) either by us or by P. Mugg (Institute of Medical and Veterinary Science, Adelaide, South Australia).
The following tests were used as described by Cowan (1): oxidation of gluconate, production of gas from glucose, production of gas from glycerol, and esculin hydrolysis. The ability of strains to use Larginine or L-histidine as the sole carbon source was determined by the method of Veron (13), and the ability of strains to produce H2S from cysteine was determined by the method of Veron and Gasser (14) .
RESULTS
Exotoxin assays. A total of 131 enterotoxigenic and 43 non-enterotoxigenic Aeromonas strains were detected with the suckling mouse assay. Of the 131 enterotoxigenic strains, 127 produced hemolysin, but only 2 of the 43 nonenterotoxigenic strains produced hemolysin.
If hemolysin production were used as the only marker of enterotoxigenicity, 6 (3.5%) of 174 Aeromonas strains would have been classified incorrectly.
Biochemical characteristics. Table 1 shows the numbers of strains positive for the various tests in the MB24E system and for other tests. A comparison of results for enterotoxigenic and non-enterotoxigenic strains showed that there were significant differences in the numbers positive (P < 0.05 by the chi-square test) for the following tests: LDC, VP, citrate, rhamnose, sucrose, and arabinose. However, no single test differentiated between enterotoxin-positive and -negative strains.
There were also significant differences (P < 0.05) between suckling mouse assay-positive and -negative strains for production of H2S from cysteine and esculin hydrolysis ( Suckling mouse assay-negative strains fermented more carbohydrates from glucose, mannitol, sucrose, rhamnose, arabinose, salicin, and esculin than did suckling mouse assay-positive strains. A total of 36 (83%) of the 43 nonenterotoxigenic strains and 51% of the enterotoxigenic strains fermented at least four of these carbohydrates. These differences were statistically significant (P < 0.05) by the Wilcoxon's rank sum test for categorical data (6) .
Although no single test classified suckling mouse assay-positive strains, 93% of the strains were correctly classified as enterotoxigenic or non-enterotoxigenic when biochemical characteristics similar to those in the scheme proposed by Schubert (10) were considered.
Classification of enterotoxigenic Aeromonas spp. by biochemical characteristics. Aeromonas strains were subdivided into VP-positive and VP-negative groups (Fig. 1) . VP-positive strains (group A) were further subdivided into arabinose-negative (group A, type 1) and arabinosepositive (group A, type 2) strains. There were 125 VP-positive, arabinose-negative strains; 120 were enterotoxigenic, and 5 were non-enterotoxigenic. In the VP-positive, arabinose-positive group, 19 strains were non-enterotoxigenic, and 6 were enterotoxigenic.
VP-negative strains were classified into those which did not oxidize gluconate or produce gas from glucose (group B) and those which had one or both of these properties and did not produce gas from glycerol (group C). None of the 18 strains of group B, which corresponds to Aeromonas punctata subsp. caviae, as defined by Schubert (10), produced enterotoxins. Of the remaining six VP-negative strains, which correspond to Aeromonas punctata subsp. punctata, five were enterotoxigenic.
The results of the API 20E and MB24E tests used in this classification agreed for all strains.
Reevaluation of the results of biochemical tests which had shown significant differences between enterotoxigenic and non-enterotoxigenic strains revealed that most of these differences were accounted for by A. punctata subsp.
caviae strains. Elimination of these 18 strains from the suckling mouse assay-negative group showed that the only significant differences remaining were accounted for by hydrolysis of rhamnose, arabinose, and esculin. Classification by biotyping and hemolysin assay. Whereas the hemolysin assay alone yielded the correct classification of 97% of the strains, other biochemical testing resulted in the correct classification of 93%. Discrimination was improved to 96% accuracy in classifying strains in group A, type 2 by the hemolysin assay, as shown in Table 2 , and to 97% if the VP-negative strains of group C were also classified by the hemolysin assay.
The biochemical classification scheme described corresponds closely to that used by Schubert (10) in the taxonomy of Aeromonas spp. The characteristics used by Popoff and Veron (8) for classifying Aeromonas spp., including esculin hydrolysis, growth in L-histidine or L-arginine, fermentation of salicin, and H2S production from cysteine, did not result in the correct classification of individual enterotoxigenic strains. Table 2 summarizes the numbers of strains misclassified in each group and relates our suggested classification scheme to that proposed by Schubert (10) .
DISCUSSION
This study has shown that enterotoxin production in Aeromonas spp. is associated with biotype. Using biochemical characteristics alone, we correctly classified 93% of 174 Aeromonas strains with regard to enterotoxin production. Of 131 enterotoxigenic strains, 120 were VP positive and did not hydrolyze arabinose. Of 43 non-enterotoxigenic strains, 19 were VP positive and hydrolyzed arabinose, and 18 strains, none of which produced enterotoxins, were identified as A. punctata subsp. caviae. Of six VP-negative strains identified as A. punctata subsp. punctata, five produced enterotoxins; greater numbers of such strains need to be investigated to establish the validity of this observation. In our experience, A. punctata subsp. punctata strains were rare.
Cumberbatch et al. (2) reported the association of cytotoxic A. hydrophila strains with positive tests for VP and LDC. Although cytotoxicity is not invariably associated with enterotoxin production, these characteristics are correlated, particularly in enterotoxigenic strains (Burke et al., Aust. J. Exp. Biol. Med. Sci., in press). Our experience suggests that biochemical differences are related to the inclusion of A. punctata subsp. caviae in the non-enterotoxigenic group. After exclusion of this subspecies, there were no significant differences between the numbers of LDC-or VP-positive strains which produced enterotoxins.
Ljungh et al. (7) failed to correlate biotype with enterotoxin production measured in rabbit intestinal loops and Y1 adrenal cells. However, these authors investigated only 11 A. hydrophila strains, 5 of which caused secretion in intestinal loops, and did not report their results in sufficient detail to allow comparison with our findings.
When hemolysin production alone was used for the characterization of Aeromonas spp., 97% of the strains were correctly classified with regard to enterotoxin production. Eddy (4) included production of filterable hemolysins as a characteristic useful in the taxonomy of the genus Aeromonas. We have established this relationship for hemolysins produced during shaking of Trypticase soy broth with 0.6% yeast extract at 300 rpm on a gyratory incubatorshaker. Because such equipment is not available in all routine microbiology laboratories, we have investigated alternative conditions for hemolysin production. When cultures shaken in a water bath at 100 oscillations per minute at 370C overnight were used, results agreed in all cases with those obtained when the incubator-shaker was used.
Correct classification of 97% of the strains was also possible if the hemolysin assay was VOL. 15, 1982 on October 25, 2017 by guest http://jcm.asm.org/ Downloaded from used only with VP-positive, arabinose-positive strains and A. punctata subsp. punctata. This necessitated a hemolysin assay for only 31 of our 174 strains and may be a more suitable approach in routine microbiology laboratories.
Our scheme for biotyping enterotoxigenic strains resembles the scheme proposed by Schubert (10) but modified by the subdivision of VPpositive strains on the basis of fermentation of arabinose. The classification scheme described by Popoff and Veron (8) is not applicable to the identification of enterotoxigenic Aeromonas strains.
Because biochemical characteristics, including hemolysin production, resulted in the misclassification of only 3% of Aeromonas spp., these tests are suitable for use in microbiology laboratories without facilities for enterotoxin testing such as suckling mouse or ileal loop assays. The MB24E multitest system used in our study is locally made and much less expensive for us than alternative imported systems. However, we found the API 20E system to be equally satisfactory in classifying Aeromonas spp. Application of these biochemical methods simplifies epidemiological studies and allows the processing of large numbers of samples so that the role of enterotoxigenic Aeromonas spp. in acute diarrhea may be clarified.
